Background: While endovascular stent placement is the standard of care in most percutaneous coronary and peripheral artery intervention, its role in the salvage of thrombosed and stenotic hemodialysis access remains controversial.
D espite a multitude of recent theoretical advances, emerging clinical data, and well-articulated guidelines, vascular access remains the Achilles heel of hemodialysis (1) . The most common cause of dysfunction or loss of the arteriovenous access is thrombosis in the low flow state (2) . The patency of arteriovenous grafts (AVGs) and arteriovenous fistulae (AVF) is compromised mainly by intimal hyperplastic lesions, which usually develop in areas of turbulent flow. These lesions tend to occur at sites of artery-to-vein or graft-to-vein anastomoses (3) (4) (5) . Numerous studies have demonstrated the effectiveness of balloon angioplasty in the treatment of stenotic lesions, but this procedure is associated with a high rate of recurrent stenosis. Early studies of angioplasty reported 6-mo primary patency rates of only 31% to 64% (5) (6) (7) .
The limited success of intervention via angioplasty contributes to the inordinate amount of healthcare costs associated with end-stage renal disease and vascular access. The estimated total per person per year costs for hemodialysis access (grafts and fistulae) is greater than $9000, which is approximately a 40% increase from 1999 (8) , at which time the annual cost of access related morbidity in the United States was estimated to be more than $1 billion (9) . A large proportion of these costs encompass the morbidity associated with outpatient and inpatient procedures to salvage failed and failing access (8) .
Although endovascular stent placement is the standard of care in most percutaneous coronary and peripheral artery disease interventions, its role in the salvage of thrombosed and stenotic hemodialysis access remains controversial. Percutaneous transluminal angioplasty (PTA) of hemodialysis access has been described since the 1980s (10, 11) . It offers an alternative to surgical revision (jump grafts, graft interposition, venous patch angioplasty, and open thrombectomy) without the considerable morbidity, length of stay, and costs typically associated with surgery (12, 13) . Endovascular stent placement, on the other hand, has been used in the management of hemodialysis access stenosis since 1988 (14, 15) . Stents have been used predominantly as a salvage to failed angioplasty (venous rupture, elastic recoil, rapidly recurrent stenosis after PTA, or residual ste-nosis Ͼ30%) or as adjunctive therapy. Multiple studies have compared stent versus angioplasty in terms of access patency with mixed results (16 -21) . In these studies, multiple confounders, such as a wide variety of stent types, the nature and locations of the stenotic lesions, the access configuration, the blood flow measurements, and the case mix, prevent the clinician from drawing definitive conclusions regarding the use of stent versus angioplasty (22) . A recent observational cohort study by Maya and Allon addressed some of the aforementioned limitations and demonstrated improved primary and secondary graft patency after thrombectomy of AVGs (23) .
The role of stent placement in the treatment of stenotic lesions (those not associated with thrombosis per se) in AVGs and AVF remains poorly defined. The objectives of our study are twofold: 1) to compare the effects of stent versus angioplasty on patency rates in the treatment of stenotic AVF and AVGs, controlling for age, gender, location of lesion, and stent type; and 2) to compare access flow (Qa) and urea reduction ratio (URR) between the two groups as a metric of the effect of stent placement versus angioplasty on dialysis delivery.
Materials and Methods

Design and Population
A prospective computerized database was used to identify 242 vascular access interventions with stent and angioplasty during a 2.5-yr period from January 1, 2005 to June 30, 2007. Patients were included in the sample if they had a hemodialysis access intervention for stenosis within the University of Wisconsin Hospitals and Clinics, which is a tertiary referral center for the region. Patients who were lost to followup, transferred to another facility, died, were transplanted, or changed dialysis modality were not included. A total of 31 patients were excluded: 11 in the stent group and 20 in the angioplasty group. Two patients were excluded for covered stent placement, 17 were excluded for an intervention in the setting of a thrombosed AVF or AVG, 6 were excluded for central stenosis without a peripheral lesion, and 6 were excluded for missing data fields (e.g., unknown medical record number). Those patients who received hemodialysis at our local center, as part of our primary end-stage renal disease care program, were included in the blood flow measurement and analysis ( Figure 1) .
After applying the inclusion and exclusion criteria described above to the original 242 patients identified, a total of 211 (87.2%) stent and matched angioplasty controls (112 AVF and 99 AVG) were entered in the analysis. Baseline clinical characteristics collected included age, gender, access type, diabetic status, and location of the lesion. Complications were classified according to the guidelines stipulated by the most recent position statement by the American Society of Diagnostic and Interventional Nephrology (24) . We compared primary assisted patency matched for age, gender, diabetic status, location of lesion, and type of access between the two groups. A total of 85 stents and 126 angioplasty procedures were done in the 2.5-yr study period.
We measured access blood flow before and after intervention in a subset of patients among the 211 who received dialysis therapy at our local, tertiary hospital affiliated unit. The before intervention Qa, peak Qa, and change in Qa were analyzed for both AVF (n ϭ 35) and AVG (n ϭ 30). In addition, we calculated the before and after intervention URR in the subset of patients who were followed in our local hemodialysis center. The before intervention URR, peak URR, and change in URR were analyzed separately for AVGs and AVF.
This Health Insurance Portability and Accountability Act-compliant study was approved by the University of Wisconsin Hospitals and Clinics Institutional Review Board.
Technical Description
All referrals for intervention were based on standard Kidney Disease Outcomes Quality Initiative (KDOQI)/Fistula First published criteria, which may include one or a combination of the following: physical examination abnormalities, poor blood flows, elevated venous/arterial pressures, increased bleeding, inability to cannulate, decrease in Transonic HD02 Hemodialysis Monitor (Transonic Systems, Ithaca, NY) access flows, or decrease in dialysis adequacy measured by Kt/V or URR (25, 26) .
Arteriovenous fistulae or grafts were initially cannulated with a micropuncture needle, after which a 4-French introducer was inserted over a wire into the lumen of the AVF or AVG. Diluted contrast was injected under fluoroscopy to localize the stenotic lesion. Intervention was performed if a lesion greater than 50% was detected, at which point a 6-or 7-French sheath was exchanged over a wire depending on location and size of the lesion (7, (27) (28) (29) . A guidewire was then introduced into the access and manipulated under fluoroscopic guidance across the lesion followed by an angioplasty balloon (Powerflex, Cordis, Miami, FL) and inflated via automated device (Everest 20 or 30, Medtronic, Minneapolis, MN) to 20 to 30 atm as described previously (17,30 -32) . If residual stenosis more than 30% or severe elastic recoil was detected on after intervention fistulography, a nitinol, self-expanding stent (SMART, Cordis) was deployed in the area of the lesion, as described previously (33) . Stent length and diameter were selected to exceed the maximal vessel diameter by 1-to 2-mm based on overlay images.
Patients had their access blood flow and URR measured by Transonic HD02 from day 1 to day 30 after intervention and then routinely as part of our access monitoring program once per month (25, 26 
Statistical Analyses
Baseline clinical characteristics were compared between both groups using 2 analysis and T tests. To address the first objective of our study, Cox regression was used to generate access survival curves and adjusted hazard ratios between groups with censoring to the end of the study period.
To address the second objective, T tests were used to determine the difference in Qa and URR between stent and angioplasty groups. We considered a significance level of P Ͻ 0.10 in the univariate analysis to determine subsequent entry into multivariate regression models adjusted for age, diabetic status, gender, and location of the lesion.
Results
The clinical characteristics of the patients treated with stent placement and the angioplasty control group are compared in Table 1 . The two treatment groups did not differ significantly in age, gender, race, or diabetic status. The proportion of the stent group that consisted of AVG (51.80%) was higher than that of the AVF group (42.9%, P Ͻ 0.05). The stent group was also less likely to have an inflow lesion as the primary cause of the problem (n ϭ 13, 15.30%) compared with the angioplasty group (n ϭ 34, 26.9%, P ϭ 0.02).
The technical success of the intervention was judged radiographically as per the Society of Cardiovascular and Interventional Radiology guidelines (33) . Complications did not differ between groups. Complications were 1.6% in the angioplasty group and 2.4% in the stent group. There were two grade 1 hematomas in the stent group and one grade 1 hematoma and one grade 3 hematoma in the angioplasty group.
Cox regression analysis adjusted for age, gender, diabetic status, and location of lesion is shown for AVG and AVF ( Table  2 ). The primary assisted AVG patency adjusted for age, gender, diabetic status, and location of lesion was significantly longer for the stent group compared with angioplasty, with a median survival of 138 versus 61 d, respectively (aHR ϭ 0.17; 95% confidence interval, 0.07 to 0.39; P Ͻ 0.001; Figure 2 ). The primary patency was 91% versus 80% at 30 d, 69% versus 24% at 90 d, and 25% versus 3% at 180 d, respectively. Assisted or secondary AVG patency (time from initial referral to permanent access failure) was not assessed because of the exclusion of thrombectomy-associated interventions from the study. The primary assisted AVF patency adjusted for age, gender, diabetic status, and location of lesion did not differ significantly between the stent and angioplasty groups (Figure 3 ).
In the subset of patients dialyzing via AVG, patients receiving stents were less likely to be diabetic (P ϭ 0.008 by 2 analysis) and more likely to have an inflow lesion (P ϭ 0.014 by 2 analysis). Of those who had blood flow data recorded (n ϭ 30), stent placement was not associated with improved blood flow (Table 3 ). In patients dialyzing via AVF who had blood flow data recorded (n ϭ 35), multiple regression analysis revealed that stent placement was associated with improved peak Qa after intervention (␤ ϭ 0.494; P ϭ 0.008), change in Qa from before to after intervention (␤ ϭ 0.464; P ϭ 0.012), and change in URR from before to after intervention (␤ ϭ 0.389; P ϭ 0.039; Table 4 ).
Discussion
Our study suggests that stent placement is associated with superior AVG patency compared with angioplasty alone. Furthermore, our study suggests that stent placement is associated with improved AVF flow rates and URR compared with PTA, although no difference in patency rate was observed. Across a large sample of patients over a 2.5-yr period, we observed a significant improvement in stent patency rates within the adjusted AVG subset over a period of 180 d with a median survival of 138 versus 61 d compared with PTA. The primary assisted patency rate of the AVF subset did not differ between stent or PTA.
In the last decade, there have only been a handful of welldesigned clinical trials comparing stent versus angioplasty in hemodialysis access patency. In 1993, Beathard demonstrated, in a prospective randomized trial of 58 patients with 50% or greater stenosis, that the Gianturco Rosch Z metallic stent conferred no advantage in duration of patency at 30, 60, 90, 180 or 360 d than percutaneous angioplasty (20) . He concluded that the Gianturco stent was of no value for graft-vein stenosis that occurred in polytetrafluoroethylene (PTFE) dialysis access. Later, Quinn et al. showed, in their randomized study, that primary and secondary patency for PTA versus stents was comparable (18) . In their study of 87 prospective patients over a 3-yr period, the primary patency rates for PTA at 60, 180, and 360 d were 55%, 31%, and 10%, respectively, and for stents were 36%, 27%, and 11%, respectively. The differences in patency were not statistically significant, which also held true for assisted primary and secondary patency. This study used a variety of stents (Gianturco, Palmaz, and Wallstent), which the author points out as a limitation to his results (18 12% and 0%, respectively. These authors used Wallstents exclusively and concluded that despite a significant increase in cost, there was no advantage to stent placement compared with conventional angioplasty (19) . We suggest that perhaps the controversy in efficacy between stent and angioplasty is a result of the stent design used in the majority of studies. Metallic stents, as mentioned in the previous studies, have inherent properties that may contribute to loss of distensibility, increased fracture rate, or migration, especially in the setting of repeated puncture for dialysis access (34, 35) . These stents may also have poor wall contact and radial strength, which is also a risk factor for in-stent restenosis (35, 36) . Our study compared with the aforementioned study (19) used exclusively nitinol SMART (shape memory alloy recoverable technology) stents, which is a nickel, titanium alloy material that has been used to salvage difficult hemodialysis access stenoses and central venous occlusions in hemodialysis patients (17, 23, 37) . Its advantage to the metallic stents is its shape memory and superelasticity, which is not affected by external forces or repeated interventions (38, 39) . It also allows equal distribution of wall contact, maintaining radial strength, without embedding or anchoring into the vessel (35, 40, 41) . Vogel and Parise demonstrated the improved performance of nitinol stents, showing an increase in mean primary patency time from 2.5 mo with angioplasty to 10.6 mo after nitinol SMART stent (17) . The same authors again showed, in a prospective, nonrandomized trial in 60 patients with dysfunctional upper extremity AVGs, a significant decrease in restenosis in the stent group compared with angioplasty (7% versus 16%; P ϭ 0.001) and an improvement in mean primary graft patency (5.6 versus 8.2 mo; P ϭ 0.05) (21) .
More recently, Maya and Allon (23) evaluated whether graft patency after thrombectomy is improved by placement of a nitinol stent compared with PTA alone. The primary graft patency was significantly longer for the stent group (median survival, 85 versus 27 d; P ϭ 0.02) and secondary patency was also longer for the stent group (median survival, 1215 versus 46 d; P ϭ 0.049) (23) . Our study extends the seminal work of Maya and Allon by describing a patency benefit to stent placement versus PTA in nonthrombosed AVG.
Our observation that stents are associated with improved patency in grafts but not fistulae, suggesting that the biology of native AVF is substantially different from AVGs, is quite intriguing but certainly not new. It is known that grafts are at higher risk for recurrent stenosis and thrombosis compared with fistulae. On the other hand, AVF have higher primary failure rates plagued by a significant proportion that fail to mature (42) . Our results also suggest that diabetes and female gender may confer an independent patency benefit in the AVG group. Although it is well documented that female gender, peripheral vascular disease, age, and race are independently associated with primary fistula failure (43) (44) (45) , variables associated with AVG failure are less well defined. It has been previously shown that female gender may confer a survival benefit in PTFE grafts compared with males (46, 47) . The evidence on diabetes, however, as a risk factor for arteriovenous graft patency is sparse (48) . Our observation again highlights the important differences between the biology of AVF and AVG, implying that previous observations about one access modality may not necessarily apply to the other. RoyChaudhury et al. have eloquently elucidated the difference in biology between the AVF and AVG: the significant adventitial angiogenesis and migration of macrophages is observed solely in the perigraft region of PTFE (40) . Perhaps, in addition, this observation may imply that the national mandate to place AVF preferentially in all patients needs to be examined more closely. Nevertheless, in our AVF subgroup, we demonstrated that peak Qa and the change in Qa were improved after stent placement compared with PTA. Moreover, we saw this translate into an improved change in URR from before to after intervention, yet there was no difference in patency rates. The increase in Qa and URRs is encouraging because there is a paucity of information on the efficacy of stents in AVF; and given these preliminary data on Qa and URR, more studies need to be conducted to confirm our findings and demonstrate whether this translates into a long-term benefit. Our study demonstrated a dissociation between patency rates and Qa/URR in both AVGs and AVF. One plausible explanation as to why patency rates and Qa/URR do not correlate may be a difference in the pathogenesis and interplay of a complex variety of cytokines on frequently accessed AVF and AVG. Also, although the Transonic HD02 is the gold standard for access flow measurements, its accuracy may be compromised in a variety of circumstances, such as operator differences, flow/dilution sensor malfunction, timing and amount of saline introduced, and hemodynamic status of patients. We recognized this as an inherent variable in our As with all retrospective analyses, there are limitations. Although we adjusted for variables known to affect access patency, there are confounding factors we did not take into account. Patients' demographic characteristics, hemodynamic status, coronary artery disease, dialysis vintage, previous interventions and accesses, access age, and medications may all play critical roles in the pathogenesis and pathology of vascular access stenosis and thrombosis. Another potential limitation to interpreting the results of this study is that AVGs required a higher proportion of stents compared with AVF. This may merely imply, however, that the AVG-associated lesions are inherently more difficult to treat. Furthermore, inflow lesions were substantially less frequent in the stent group. Likely, this is because arterial inflow stents are usually not placed in brachial artery anastomotic lesions to avoid blood flow compromise to the distal extremity in the event of stent failure. We recognize these limitations and acknowledge that more robust randomized comparative trials need to confirm the findings of our study. Nevertheless, in an attempt to mitigate some of the aforementioned limitations, we standardized our stent type, controlled for location of the lesion, and analyzed access type separately, controlling for potential confounders with Cox regression. In addition, our study is the first to follow monthly Qa and URRs as a parameter of improved dialysis adequacy after intervention. It is also the largest subgroup of patients studied with exclusively nitinol stent technology in peripheral dialysis access stenosis.
Conclusion
Improving the survival of AVGs and AVF in hemodialysis patients has been the focus of increasing research in the last decade. Not until recently have the benefits of endovascular stent placement been demonstrated in hemodialysis access grafts (21, 23) . Our results suggest that in AVGs not associated with thrombosis per se, stent placement may confer a patency benefit. In a subset of failed AVF, stent placement may improve access blood flow in the short term, which may in turn translate to improved dialysis efficiency. Important conclusions that can be drawn from our data are that AVGs and AVF respond differently to stent intervention, that there may be more to vascular access outcomes than patency alone, and that future studies performed by interventionalists should attempt to merge patency data with surrogate markers of dialysis delivery whenever possible. Until prospective, randomized controlled trials are conducted that control for the type of access, type of lesion, patient characteristics, and previous history of intervention, and take quality of delivered hemodialysis into account, the issue of stent versus angioplasty will continue to generate controversy.
